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Abstract— This work demonstrates a monolithic dual-band 

tunable single-mode light source, realized by integrating two 

slotted Fabry-Perot (SFP) lasers via selective-area quantum well 

intermixing (QWI) on a single InP substrate. The QWI laser 

covers the short-wavelength band (1485–1529 nm), while the non-

QWI device anchors the long-wavelength band (1548–1585 nm). 

Together, they achieve a ~100 nm spectral coverage with robust 

single-mode operation and wide electrical tunability in both bands. 

This selective QWI approach offers a scalable pathway toward 

compact, multi-band photonic integrated circuits suitable for 

advanced DWDM and spectroscopy applications.  
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I. INTRODUCTION 

Photonic integrated circuits (PICs) are pivotal for next-
generation data centers and optical networks. However, 
monolithically integrated tunable lasers with broad spectral 
coverage remain a critical bottleneck. Conventional multi-
section DBR or DFB lasers typically rely on complex epitaxial 
regrowth, increasing cost and reliability issues. Quantum well 
intermixing (QWI) provides a regrowth-free pathway for precise 
bandgap engineering in semiconductor heterostructures [1]. By 
employing the impurity-free vacancy disordering (IFVD) 
technique, a controlled blue shift of 70 nm in the emission 
wavelength has been successfully demonstrated [2], enabling 
the monolithic integration of gain materials operating at two 
distinct wavelength bands on a single epitaxial wafer. This 
capability establishes a critical material foundation for the 
development of multi-wavelength semiconductor lasers, 
eliminating the need for complex regrowth process while 
enhancing design flexibility for photonic integration. 

 Here, we report a monolithically integrated dual-band 
tunable single-mode source, realized by integrating two slotted 
Fabry-Perot (SFP) lasers on a single InP substrate via selective-
area QWI. The QWI-engineered section provides electrically 
tunable emission in the short-wavelength band, while the non-
QWI section operates stably in the long-wavelength band. 
Optimized intermixing precisely tailors the QWI gain spectrum, 
defining the spectral to cover specific wavelength band. Mode-
selective slot structures ensure stable single-mode operation 
with high side-mode suppression ratio (SMSR) throughout the 
tuning range. This regrowth-free approach establishes a scalable 
foundation for compact multi-band PICs, directly applicable to 

high-capacity DWDM systems, transceivers, and spectroscopic 
sensing [3]. 

II. DESIGN AND FABRICATION 

A. Design 

 Figure 1 illustrates the photonic integrated circuit (PIC) 
architecture designed to realize a monolithic dual-band tunable 
light source. This architecture comprises two functionally 
distinct yet structurally identical lasers fabricated on the same 
InP substrate: a QWI SFP laser and a non-QWI SFP laser. Both 
share the exact same geometric footprint (1430 µm length × 156 
µm width), ensuring that the dual-band capability arises solely 
from the selective bandgap engineering while maintaining 
design symmetry. Each laser cavity is formed by a slotted 
mirror, a gain section, and two cleaved facets, with detailed 
parameters listed as follows: 

 

Figure 1. Schematic configuration of the dual-band laser PIC, showing the 

parallel integration of the QWI device and the non-QWI device. 

Slotted Mirror Section (756 µm): This section acts as the 
mode-selective reflector. It consists of seven 1 µm wide slots 
spaced 107 µm apart within a 2.5 µm wide waveguide etched 
down to the stop layer. A 10 µm wide metal strip contacts the p-
layer between the slots to enable electrical pumping, while SiO2 
isolation within the slots prevents current leakage. 

Gain Section (650 µm): Featuring a 2.5 µm wide ridge 
waveguide shallow etched to the same depth as the mirror 
section, this region provides optical amplification. It includes a 
continuous metal p-contact, with the probing pad electrically 
isolated from the III-V material by a SiO2 layer. 

B. Fabrication 

Laser PICs were fabricated on metal-organic vapor-phase 
epitaxy (MOVPE) grown InP wafers featuring five pairs of 
compressively strained AlGaInAs quantum wells (+1.2% strain; 
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6/10 nm wells/barriers; λPL=1.55 µm) [2]. Selective-area 
quantum well intermixing was applied to QWI SFP laser via 
impurity-free vacancy disordering (IFVD), while non-QWI SFP 
laser were protected [4].  

First, quantum well intermixing was applied to the QWI SFP 
regions via impurity-free vacancy disordering (IFVD) [4]. A 50 
nm Si3N4 promoter layer was deposited by plasma-enhanced 
chemical vapor deposition (PECVD), patterned by photolitho-
graphy and buffered oxide etch (BOE) to define the QWI 
regions, and subsequently covered with a 200 nm SiO2 inhibitor 
layer via PECVD. After annealing at 700°C for 2 min in a 
nitrogen ambient, the masks were stripped. 

The laser PIC was then fabricated using our standard Fabry-
Perot process. A 400 nm SiO2 mask was deposited and patterned 
to define slots and waveguides. The pattern was transferred to 
the SiO2 mask via CF₄/CHF₃ ICP etching. Following photoresist 
removal, the III-V structure was etched to a depth of 1.85 µm 
(stopping above the QWs) using Cl₂/CH₄/H₂ ICP at room 
temperature. Finally, the wafer was passivated with 300 nm 
SiO2, contact windows were opened, and p-metal (Ti/Au: 30/ 
300 nm) was deposited. The samples were thinned to 100 µm, 
followed by the deposition back-side n-metal (Au/Ge/Au/Ni/Au: 
14/14/ 14/11/250 nm) deposited, and annealed at 420℃ for 5 
min in a nitrogen furnace. 

III. CHARACTERIZATION 

 The fabricated dual-band PIC, comprising the QWI SFP 
laser and the non-QWI SFP laser, was cleaved into bars and 
characterized under continuous-wave (CW) injection at 20℃. 
Optical output was collected from the cleaved facet of the mirror 
section into an integrating sphere to measure Light-Current-
Voltage (LIV) characteristics. Figures 2a and 2b display the LIV 
curves for both devices, illustrating output power and voltage as 
functions of gain section current under varying fixed bias 
currents applied to the slotted mirror section (0—140 mA). 

 

(a)                                                         (b)   

Figure 2. Device characteristics of the dual-band PIC (a) LIV characteristics of 

the QWI SFP laser. (b) LIV characteristics of the non-QWI SFP laser. Both 
plots show performance with mirror section biases of 0, 20, 40, 60, 80, 100, 

120, and 140 mA. 

Analysis of the LIV characteristics reveals distinct 
operational behaviors between the two devices. Both the QWI 
and non-QWI lasers require dual-section injection for lasing 
operation: neither emits light if the gain or mirror section 
remains unbiased, as unpumped regions introduce prohibitive 
optical loss. This shared constraint necessitates coordinated 
biasing within the integrated architecture. Despite this common 
requirement, their electrical characteristics differ due to material 
properties―the non-QWI SFP laser exhibits a lower threshold 

current and higher maximum output power (10.5 mW), whereas 
the QWI SFP laser delivers 4.8 mW, limited by QWI-induced 
differential gain reduction.  

Under optimized dual-section biasing, the two devices 
collectively deliver the system's defining dual-band capability. 
The QWI-SFP laser achieves a tunable range of 44 nm (1485—
1529 nm), while the non-QWI SFP laser covers 37 nm (1548—
1585 nm).. Across both distinct bands, the PIC maintains robust 
single-mode performance with a side-mode suppression ratio 
exceeding 38 dB and fiber-coupled peak powers above −5 dBm 
(estimated coupling loss: 1.5 dB). These results validate that the 
"QWI + non-QWI" integration strategy successfully merges two 
independent yet indispensable emission mechanisms: selective-
area QWI processing enables the short-wave band, while the 
native non-QWI material secures the long-wave band, jointly 
realizing a unified, ultra-wide tunable source. 

 

Figure 3. Superimposed lasing spectra of the QWI-SFP and the non-QWI SFP 

lasers measured at room temperature under continuous-wave operation. 

IV. CONCLUSIONS 

 This work demonstrates a monolithic dual-band tunable 
single-mode light source by integrating QWI and non-QWI 
slotted Fabry-Perot (SFP) lasers on a single InP substrate via 
selective-area quantum well intermixing technique. The QWI 
laser covers the short-wavelength band (1485—1529 nm), while 

the non-QWI laser anchors the long-wavelength band (1548—
1585 nm). Both devices exhibit robust single-mode operation 
and wide electrical tunability, collectively providing ~100 nm of 
spectral coverage.  
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